Tidal currents below the floating Ross Ice shelf are reconstructed by using a numerical tidal model. They are predominantly diurnal, achieve maximum strength in regions near where the ice shelf runs aground, and are significantly enhanced by topographic Rossby wave propagation along the ice front. A comparison with observations of the vertical motion of the ice shelf surface indicates that the model reproduces the diurnal tidal characteristics within 20%. Similar agreement for the relatively weak semidiurnal tides was not obtained, and this calls attention to possible errors of the open boundary forcing obtained from global-ocean tidal simulations and to possible errors in mapping zones of ice shelf grounding. Air-sea contact below the ice shelf is eliminated by the thick ice cover. The dominant sub-ice-shelf circulation may thus be tidally induced. A preliminary assessment of sub-ice-shelf conditions based on the numerical tidal simulations suggests that (1) strong barotropic circulation is driven along the ice front and (2) tidal fronts may form in the sub-ice-shelf cavity where the water column is thin and where the buoyancy input is weak.
INTRODUCTION
Tidal currents are the strongest observed form of seawater motion in the cavity below the floating ice shelf in the southern Ross Sea Robinson, 1979, 1980; Haines, 1982]. The thick ice platform shown in Figure 1 eliminates air-sea contact; thus sub-ice-shelf ocean circulation and heat transport may be forced primarily by tidal currents or by related processes such as tidal current rectification and tidal front formation [MacAyeal, 1983] . Given present ice flow patterns, approximately 25% of the snow that accumulates over Antarctica flows through the Ross Ice Shelf and ablates into the Ross Sea by basal melting or by iceberg calving [Hughes, 1975] . The Ross Sea tidal regime may thus provide a direct and influential li•k between the ocean and the earth's largest ice mass.. This paper presents the results of numerical tidal simulations undertaken to reconstruct the Ross Sea tidal currents and to estimate their influence throughout the sub-iceshelf cavity.
The Ross Ice Shelf is an integrated ice mass that is flexible when deformed over large horizontal length scales such as those imposed by tides in the water below. As a result of its slow horizontal movement, the ice shelf has provided a natural platform upon which the tidal amplitude and phase have been measured (the 10 observation stations are shown in Figure 2 ) Robinson, 1979, 1980; Williams, 1976, 1979 ' Thiel, 1960; Thiel et al., 1960] . These measurements show that the diurnal tide is stronger than the semidiurnal tide and that the tidal amplitudes are largest in areas near where the ice shelf runs aground.
In contrast with the tidal amplitude and phase, tidal currents and their effect on the sub-ice-shelf water column have not been measured reliably because of the thick and impenetrable ice cover. The few available tidal current measurements come from north of the ice front (MCM and "current meter" in Figure 2 ) [Heath, 1977; Gilmour et al., 1962; Jacobs and Haines, 1982] and from a single sub-ice-shelf location (J9 in Figure 2 ), where a bore hole was opened for several days [Clough and Hansen, 1979; Jacobs and Haines, 1982] .
Tidal currents can be difficult to reconstruct on the basis of observed tidal amplitude and phase alone because of complex basin shape and topography [Williams, 1976] ; hence, the scarcity of reliable tidal current measurements presents a serious obstacle to the investigation of sub-ice-shelf oceanography. Basin topography, for example, may exert a particularly influential control on the currents because, in polar latitudes, topographic Rossby waves can be excited by the diurnal tide. These waves are commonly observed in the Arctic along continental slopes and above isolated seabed bumps [Cartwright, 1969; Huthnance, 1974 Huthnance, , 1981 Cartwright et al., 1980; Thomson and Crawford, 1982] . It is therefore reasonable to expect such waves along sections of the ice front, along various seabed ridges below the ice shelf, and along the continental slope north of the Ross Sea. As a result of their strong currents, these waves could induce significant stirring in the sub-iceshelf environment. Current meter records, however, are generally required to detect topographic Rossby waves [Cartwright, 1969] ; thus, to detect them below the ice shelf, the available observations of tidal amplitude and phase must be coordinated with numerical simulations capable of accurately reconstructing the tidal currents.
The numerical tidal simulations conducted in this study are intended to amplify the existing observations by calculating the sub-ice-shelf tidal currents and by extending the maps of tidal amplitude and phase across regions not covered by the data collection network.
MODEL EQUATIONS AND PROCEDURE
The governing equations for barotropic tidal motion employed in this study are [Nihoul, 1975, [Hughes, 1977; Holdsworth, 1977; MacAyeal, 1983] , its effect on tidal propagation through the central part of the basin is thought to be minor [Williams and Robinson, 1981] .
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lished manuscript, 1982), so will not be described here. Simulations of each of the three diurnal and three semidiurnal tides listed in Table 1 were begun from a state of rest, run through five tidal cycles to allow spin-up, and then Fourier analyzed on the sixth cycle to obtain the relevant tidal fields. Allowing additional warm-up cycles before analysis did not alter the results by more than 5%. 6 and 9) . One of these alternatives is qualitatively similar to that presented in Figure 6 , but the other displays a virtual amphidromic point [Schwiderski, 1980a] 
The right-hand side of equation (3) Vertically well-mixed conditions are expected along the Siple Coast where ice shelf shoaling reduces the water column thickness below a critical value and where the buoyancy influx is likely to be weak [MacAyeal, 1983] . Hydrographic measurements through the J9 bore hole [Foster, 1983] 
